Risk estimation represents the cornerstone of prevention practice, reflecting the consistent observation that the benefit of treatment is proportional to the baseline absolute risk. [1] [2] [3] Although this principle can be applied to any clinical scenario, it is particularly relevant for the prevention of atherosclerotic cardiovascular disease (ASCVD) with statins. Clinical trial data have consistently shown that statins are associated with a consistent 30%-50% relative risk reduction in both primary and secondary prevention populations depending on the dose and type of statin studied. However, the absolute risk reduction varies dramatically, reflecting the overall absolute risk level of the population studied.
Therefore, because of the central importance of absolute risk for ASCVD, there has been substantial interest in the improvement of risk estimation strategies in recent years. In general, traditional risk factors such as age, gender, cholesterol, blood pressure, diabetes, and smoking status represent the most important determinants of ASCVD risk. The 2013 cardiovascular risk assessment guidelines released by the American College of Cardiology and the American Heart Association continue this same paradigm and recommend moderate to high dose statin therapy for individuals with prior cardiovascular disease (CVD), diabetes, low density lipoprotein cholesterol [190 mgÁdL -1 or predicted 10-year risk C7.5%.
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However, it is now well accepted that coronary artery calcium (CAC) represents a significant and robust determinant of short-term cardiovascular risk. CAC is an indirect measurement of the overall burden of coronary atherosclerosis and improves short-term risk prediction to a greater extent than most other biomarkers. 6, 7 The ability of CAC to improve short-term risk prediction is now supported by robust evidence and current guidelines support the use of CAC screening as a guide to statin treatment decisions.
Although both traditional risk factors and CAC represent effective strategies for short-term absolute risk estimation that can serve as a guide to statin treatment decisions, they by definition do not consider long-term or lifetime risk for CVD. This represents an important weakness because a wealth of evidence suggests that atherosclerosis is not a short-term process but rather reflects the cumulative exposure to risk factors across the lifespan. For years, it has been well established that atherosclerosis begins in adolescence and results from early life exposure to traditional risk factors. [8] [9] [10] This process persists across the lifespan and into older age such that the cumulative risk factor burden present in early and middle-age translates into a lifelong accumulation of atherosclerosis.
In the Cardiovascular Lifetime Risk Pooling Project, we included more than 250,000 participants from 18 cohorts in order to create robust estimates of lifetime risks for ASCVD across age, sex, race, and risk factor strata. 11 For example, among participants who were 45 years of age at risk factor ascertainment, those with an all optimal risk factor profile (total cholesterol level \180 mg per deciliter; blood pressure \120 mm Hg systolic and 80 mm Hg diastolic; nonsmoking status; and non-diabetic status) had substantially lower risks of total ASCVD than participants with two or more major risk factors (see Figure 1 ). These associations between middle-age risk factor strata and lifetime ASCVD risk were consistent across birth cohorts, suggesting that the presence or absence of traditional risk factor strata in middle-age represents the most important determinant of ASCVD risk across the lifespan.
Stated another way, in spite of its clinical utility, short-term absolute risk estimation strategies that incorporate traditional risk factors, CAC, or other biomarkers are fundamentally at odds with the biology of the atherosclerotic process. Thus, lifetime risk estimation represents an important supplement to short-term risk estimates that can provide insight into an important aspect of ASCVD risk.
Because short-term and long-term risk estimation strategies each provide a unique perspective, there has been much interest in their complementary nature and the apparent conflict between them. In particular, the vast majority of adults less than 50 years of age are at ''low risk'' in the short-term, regardless of their risk factor burden. This reflects the dominant role of age in short-term risk equations. However, because of the strong associations between middle-age risk factor burden and lifetime risk for ASCVD, individuals with several traditional risk factors in middle-age do not remain low risk across their remaining lifespan. This can be seen in Figure 1 : although all five risk factor groups have relatively similar risk for CVD mortality in the initial 10 years, there are marked differences in risk across the remaining lifespan. We have previously reported that approximately 50% of all United States adults with low short-term risk are at high risk across their remaining lifespan. 12 It is within this context that the current study by Hulten et al, in this issue of the Journal of Nuclear Cardiology Ò , should be interpreted. Utilizing data from the Coronary CT Angiography Evaluation for Clinical Outcomes: International Multicenter Registry (CON-FIRM), this study observes that high predicted lifetime risk is associated with some, but not all computed tomography derived measurements of coronary artery disease (CAD). 13 In a cohort of 1,863 asymptomatic individuals in the low Framingham risk category referred for coronary CT angiography, the authors report that high predicted lifetime risk is associated with higher prevalence obstructive and non-obstructive CAD, higher severity scores and higher calcified to partially calcified plaque ratio. In contrast to prior reports, 14 in this population with a low prevalence of CAC (32%), high predicted lifetime risk was not associated with higher CAC scores.
The authors also report that high predicted lifetime risk was not associated with differences in short-term coronary heart disease events, including a composite outcome of death, myocardial infarction, or coronary revascularization. With only 11 events, this analysis is underpowered and therefore difficult to interpret. More importantly, it is unclear to what extent lifetime risk stratification can add to short-term risk estimates. Lifetime risk for ASCVD is a function of the same traditional risk factors that influence short-term risk. It is therefore not surprising that lifetime risk stratification did not represent an informative supplement to existing short-term risk estimates. As noted above, the purpose of estimating lifetime risk is not to improve short-term risk prediction but to identify individuals on distinct trajectories and high cardiovascular risk beyond the 10-year window.
Although there is little controversy about the concept of lifetime risk, questions remain regarding its clinical application. For example, what should be done about patients at very low short-term risk (i.e., a low Framingham risk score and zero CAC) but high predicted lifetime risk? The absence of CAC represents a very favorable short-term risk marker, with multiple observational studies confirming virtually the absence of short-term risk in this setting. Although zero CAC is , untreated blood pressure \120/\80 mm Hg, non-smoker, and non-diabetic. ''Not Optimal Risk Factor'' was defined as non-smoker and non-diabetic with total cholesterol 180-200 mgÁdL , or untreated systolic blood pressure 140-160 mm Hg or untreated diastolic blood pressure 90-100 mm Hg. ''Major Risk Factor'' was defined as current smoker or total cholesterol C240 mgÁdL -1 , or treated hypertension, or untreated systolic blood pressure C160 mm Hg, or untreated diastolic blood pressure C100 mm Hg.
informative, we believe that the presence of high predicted lifetime risk cannot be ignored, particularly in light of the robust data from the Cardiovascular Lifetime Risk Pooling Project.
Given that there are no data on the association between CAC and lifetime risk for ASCVD, we sought to answer this very question using data from the Dallas Heart Study. 15 In this study, we identified 754 participants with serial CAC scans (6.9 years apart) and both low short-term risk and baseline CAC = 0. Compared to low lifetime risk, high lifetime risk was associated with nearly a twofold increase in the annualized incidence of CAC. These data suggest that even among individuals with low Framingham risk scores and zero CAC, predicted lifetime risk identifies a subgroup that is more likely to develop subclinical atherosclerosis and in whom long-term risk likely remains elevated. Therefore, high predicted lifetime risk can reliably identify a subgroup of low short-term risk individuals who are on a different risk trajectory, regardless of their current CAC score.
Current guidelines recommend the calculation of lifetime risk for all individuals between the ages of 20-39 years and for those between 40 and 59 years without high short-term risk. 4 These guidelines further suggest that estimates of long-term risk would best be used in the context of a ''risk conversation'' to guide and motivate non-pharmacological interventions. Thus, lifetime risk estimates can provide a unique opportunity to contextualize the risks related to an unhealthy lifestyle and provide an important perspective, particularly to younger adults. In addition to the role of traditional risk factors described above, our recent work has sought to extend this conversation to include cardiorespiratory fitness, a marker of recent physical activity levels. Using long-term follow-up data from the Cooper Center Longitudinal Study, we were able to create lifetime risk estimates according to age, sex, risk factor burden, and fitness levels in a large number of healthy, middle-aged adults. As shown in Figure 2 , midlife fitness levels are associated with robust differences in lifetime risk for cardiovascular mortality, suggesting that fitness levels in middle-age are not just a short-term risk marker but also a marker of lifetime risk 16 We believe that more creative use of lifetime risk estimates to target behavior and lifestyle changes would represent an important part of any ''risk conversation.'' Finally, questions remain regarding the potential to make statin treatment decisions among individuals with low short-term but high lifetime predicted risk. Such an approach is appealing, particularly in light of genetic studies that suggest the dominant role of lifelong reductions in cholesterol in influencing CVD risk. 17, 18 However, there are no long-term data on statin therapy and any treatment decision would reflect extrapolation of treatment benefits from short-term clinical trials. Although such a decision would need to be individualized, we believe that primary prevention statin therapy might be reasonable, particularly among middle-aged adults who do not meet current treatment thresholds but who have two or more major risk factors.
In conclusion, the use of short-term risk equations and CAC both represent useful strategies to estimate short-term risk and also have important implications for short-term treatment decisions. Nevertheless, short-term risk is not complete and is frequently in conflict with the risk across the remaining lifespan. Thus, until we have data on the association between CAC and lifetime risk, we believe that both short-term risk estimates and CAC scores should be interpreted within the context of lifetime risk and, when short-term and lifetime risk estimates are discordant, patients should be counseled on all available strategies to minimize their lifetime risk. Lifetime risks for cardiovascular disease mortality among men stratified by cardiorespiratory fitness levels measured at age 55 years (N = 3,424). Data derived from the Cooper Center Longitudinal Study, and modified from Berry et al 16 Cardiorespiratory fitness categories defined according to Balke treadmill time and categorized according to established age-and sex-specific categories.
